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(54) Title: FUNCTIONAL BIOASSAY FOR G-PROTEIN COUPLED RECEPTOR AGONISTS AND ANTAGONISTS 
(57) Abstract 

Simple, rapid, high-throughput functional bioassays for identifying agents that act as either agonists or antagonists of G-protein 
coupled receptors (GPCRs) are disclosed. In the methods of the invention, a test composition is contacted with an indicator ceil expressing 
a GPCR and at least one parameter of cellular metabolism of the indicator cells is measured to identify a test compound(s) in the test 
composition as a receptor agonist or antagonist The assays can be used to screen libraries of test compounds to identify therapeutically 
useful agonists or antagonists of GPCRs involved in disease conditions. The assays can also be used to identify ligands of "orphan" GPCRs 
whose natural ligands are unknown. Methods of generating indicator cells expressing GPCRs, and isolated populations of such indicator 
cells, are also disclosed. 
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FUNCTIONAL BIOASSAY FOR G-PROTEIN COUPLED RECEPTOR 

AGONISTS AND ANTAGONISTS 

Background of the Invention 
5 Cellular responses to external stimuli are primarily mediated by receptor based 

systems. One of the most ubiquitous and sizable transmembrane receptor families, with 
members observed in organisms from bacteria to yeast to man, is the G-protein coupled 
receptor (GPCR) family. Receptors of this family associate with a membrane-bound G 
protein composed of a, p and y subunits. Following agonist binding to the receptor, a 

1 0 conformational change is transmitted to the G protein, which causes the a-subunit to 

exchange a bound GDP molecule for a GTP molecule and to dissociate from the py-subunits. 
The GTP-bound form of the a-subunit typically functions as an effector-modulating moiety, 
leading to the production of second messengers, such as cyclic AMP (e.g., by activation of 
adenylate cyclase), diacylglycerol or inositol phosphates. Greater than 20 different types of 

1 5 cc-subunits are known in man, which associate with a smaller pool of p and y subunits: Thus, 
different G-protein coupled receptors may associate with G-proteins having different a, P 
and/or y subunits. For reviews on signal transduction by G-protein coupled receptors, see 
Gilman, A.G. (1987) Annu. Rev. Biochem. 56:615-649; Stryer, L. and Bourne, H.R. (1986) 
Annu. Rev. Cell. Biol. 2:391-419; and Bimbaumer, L. (1990) Annu. Rev. Pharmacol. Toxicol 
20 30:675-705. 

Most GPCRs are members of the seven transmembrane segment (7 TMS) receptor 
family. This family is made up of at least several hundred distinct receptors and includes 
receptors that respond to signals ranging from environmental stimuli, such as photons, 
odorant molecules and sweet tasting sugars, to molecules involved in intercellular 

25 communication, such as biogenic amines, lipids, peptides and glycoproteins, including 

neurotransmitters, neuromodulators and hormones. Structurally, the receptors of the 7 TMS 
family are composed of an extracellular amino terminal domain, seven hydrophobic regions 
that span the cell membrane, six "loop" domains that connect the transmembrane segments (3 
intracellular and 3 extracellular) and, for many but not all members, an intracellular carboxy 

30 terminal domain. The transmembrane segments of 7 TMS family members exhibit 

considerable homology, whereas the connecting loops are less conserved, showing high 
homology only between closely related receptor subtypes. Two of the most extensively 
studied 7 TMS receptors are rhodopsin, which is expressed in the retinal rod cells and 
converts light energy into a neurochemical signal (see e.g., Nathans, J. (1987) Annu. Rev. 

35 Neurosci. 10: 1 63- 1 94) and the P2-adrenergic receptor, which is expressed in most 

mammalian tissues and activates adenylate cyclase to produce cAMP (see e.g., Dixon, R.A.F. 
et al. (1986) Nature 321:75-79). Additionally, the conserved structure among 7 TMs' 
receptors has allowed for the cloning of many novel genes encoding 7 TMS receptors whose 
natural ligand and function are yet to be elucidated. These receptors have been referred to as 
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"orphan" receptors (see e.g., Mills, A. and Duggan, M J ( 1993} 7W t ,„ PU , . , 
Sciences 14:394-396). For reviews on 7 ™ r . Pharmacological 
a o n-, ™ S rece P tors » se e e.g., Dohlman, H.G et al H99H 

Ann, Re, B,o ch e m . 60:653-688; and Lefkowitz, R.J. et al. (1993) Trends n Pnat ' 

Sciences 14:303-307. *rnurm. 

Because of the involvement of G-protein coupled receptors in the regulation of many 

by the s*te of activation „ r blockade ofaO-protein coupled receptor. Recepto o^Zs 
^onstbie for human diseases are being elucidated a, an increasing rate and may ^te 

«^7^, ^ t^ <>^gene • 1? ^ 8 '° h >^ ri ^™»e'»^i<i adenomas (see e. g Parma, J 
e aL ,993) We 265:649-65 1.), m «atio„ 6,me rhodopsih gene, reading ,„ 

„ . , ^S- 719 - 725 ). ™"a>°- of the luteinizing hormone receptor gene leading to 
. £«» pubeny (see e.g., Shenker, A. « a|. („93, «^ m J 2 ^ J^llf 

a*. AJ.L e, al. (19,3) W , 341,40,^2,. For a reviewof the rote of Ofd 7 
dtsease, see Coughlta, S.R. (1994) Curr. Op.Ce//. Biol. 6:191-197 

N ™ TO ^ to P»^Jn«sforthetreatae„tofvariomdiseaseco„ditionsactb, 
gonadotopm-releasmg hormone, such as leupolide, gonadorelin and nafarelin which hie 

dtsoro-ers (see e .g., Nace, G.S. and Wood, A,J: (1987, «, P/« oW .~ 
*henerg.< : receptor agonist metaproterenol, which has been used as a bronchollr (see e g 
cmettdme, which has been used to treat ulcers and idiopatiuc urtici a (seeTrl U „ <t , 

Summary of the Tnvpnrinn 
• 4. important ro.e of OPCRs in born norma, ccllu.ar responses and aberra* 

ItlZZr™ ' *T ^ idP,,ifiCa,i0n ° f ^ " •««*. 

i • , L ty 01 UPCRs - The bioassays of the invention are simple ranid and 

^throughput. Moreover, these screening methods e»ab,e matnmalian GPcTanT* "* 
particular human OPCRs, to be assayed within a mammaUan ceUula, environm™, 
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Compounds can be tested in these assays singly or, more preferably, in libraries of 
compounds. Thus, the assays allow for rapid screening of large panels of compounds. 
Furthermore, the assays of the invention can be applied both to known GPCRs and to 
"orphan" GPCRs for which a natural ligand is unknown. Thus, the methods of the invention 
5 are useful for identifying therapeutically useful agonists or antagonists of known GPCRs as 
well as for investigating the function of orphan GPCRs. 

In the methods of the invention, a population of indicator cells (e.g., mammalian 
cells) is contacted with a test composition containing one or more test compounds, at least 
one parameter of cellular metabolism of the indicator cells is measured and the test 

1 0 compound(s) is identified as a receptor agonist or antagonist. The indicator cells express the 
GPCR of interest, preferably by introduction into the cells of a nucleic acid molecule 
encoding the GPCR. The test composition can include one or several (e.g., a library) of test 
compounds. Additionally the test composition may include one or more known receptor 
agonists or antagonists. For example, a test compound can be identified as a receptor 

1 5 antagonist leased upon its ability to alter -the effects of a known receptor agonist on the 
indicator c&ls when the indicator cells are contacted with both the test compound and the 
known receptor agonist. Furthermore, the test composition can include one or more agents 
that alter th£ metabolism of a second messenger(s) in the indicator cells. 

Preferred GPCRs for use in the assays of the invention include luteinizing hormone 

20 releasing hprmone receptor (LHRH-R; also referred to as gonadotropin releasing hormone 
receptor (GhRH)), Ml muscarinic receptor and p2-adrenergic receptor (02-AR). In another 
embodiment, the GPCR couples to a Gq/1 1 G-protein (e.g., LHRH-R, acetylcholine, 
adenosine I, a-adrenergic, angiotensin, bombesin, bradykinin, C5a, cholycystokinin, 
endothelin, glutamate, 5HT, histamine (HI subtype), neurotensin, neurokinin, oxytocin, 

25 thyrotropin releasing hormone, thyroid stimulating hormone, thromoboxane A2 and 

vasopressin). In another embodiment, the GPCR couples to a Gs G-protein (e.g., p2-AR, 
cardiac p-adrenergic, histamine (H2 subtype), thyrotropin, growth hormone releasing factor 
and adrenocorticotropic hormone). In yet another embodiment, the GPCR is a chimeric 
receptor composed of at least one ligand binding domain of a first seven transmembrane 

30 segment receptor and at least one signal transduction domain of a second seven 

transmembrane segment receptor such that the chimeric receptor couples to a Gq/1 1 G- 
protein in the indicator cells. In still another embodiment, the GPCR is an orphan receptor 
(i.e., the natural ligand for the G-protein coupled receptor is unknown). 

In one embodiment of the screening assay of the invention, the parameter of cellular 

35 metabolism that is measured in the indicator cells is viability or proliferation. For example, a 
test compound can be identified as a receptor agonist based upon its ability to decrease the 
viability and/or proliferation of the indicator cells when contacted with the indicator cells. 
Alternatively, a test compound can be identified as a receptor antagonist based upon its 
ability to increase the viability and/or proliferation of the indicator cells when contacted with 
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the indicator cells and a known receptor agonist. In this embodiment, the GPCR nref, k, 
couples to a Gq/1 1 G-protein (e.g., LHRH-R) or is a chimeric GPCR c!lZ H T " 

In another embodiment of the screening assay of the invention, the parameter of 
ce^ar metabolism that is measured in the indicator cells is cellular m ^ Fo 
example, a test compound can be identified as a receptor agonist based upon to 
aher the morphology of the indicator cells when contacted with the indicZ e. s 
Al ernatively, a testcompound can be identified as a receptor antagonist b^L it, 

maicator ceils and a known receptor agonist.- ; 

recoup, r ^ ^ %P^S a cell th a , expresses a 
recombmant C-proteu, coupled receptor on a membrane of the cell for uJL 

■n the screening assays. In this meftod, a nucieicacid mole^e tluZ 2 

nucleic acid molecules encoding chinferic fiPPRc » n A u« . « ' 
are also provided by the invention. f ^ ^ ^ eXPreSSing GPCRs . 

Brief n-.-rt plinn «f fl .. n^. T j n|; . ' 

^-i are graphic representation of the reduction of MTT bv run ,.n 
untransfected (pane, A) or transfected ^^JT^ •*« 
^(LHRH-R, (pane, B,, i„ Utepres^f increasing c!^Z^ R 

Figure 2A-B are graphic representations of the reduction of MTT hv run i. 
untransfecKd (pa., A) or to ^ „ , ^ ^ 

presets of mcrcasing concentranons of an Ml muscarinic receptor ag„niS„„» 

4, ( 

Figure 3 is a graphic representations of the reduction of MTT by CHO cells 

aicu wim me lhu cells in either the presence ("filled har«A nr „w 
LHRH agonist D-His 6 -LHRH i ^ r ' 0r absence (°Pen bars) of the 

gonist u His -LHRH (at 1 nM). In two samples, a known LHRH agonist or 

antagonist was "spiked" into the sample to demonstrate that both J^ZZ^L^ 
be identified using this assay. antagonists can 
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Figure 4 is a photograph of CHO cells showing the effect of the p2-adrenergic 
receptor agonist salbutamol on the morphology and alignment of CHO cells expressing the 
human 02-adrenergic receptor. 

5 Detailed Description of the Invention 

This invention provides methods for identifying G-protein coupled receptor (GPCR) 
agonists or antagonists, i.e., screening assays for agents that stimulate or inhibit the activity 
of a GPCR. The methods of the invention are functional bioassays. The methods are based, 
at least in part, on the discovery of detectable changes in cellular metabolism that occur in 
1 0 indicator cells expressing the GPCR when the indicator cells are contacted with a receptor 
agonist or antagonist. In various embodiments of the invention, these detectable changes in 
cellular metabolism include changes in cell viability, cell proliferation or cell morphology.. 
For example, one embodiment of the method of the invention is based, at least in part, on the 
discovery that an indicator cell expressing a GPCR displays decreased cell viability and/or 

1 5 proliferation in the presence of a receptor agonist. Moreover, cell viability and/or 

proliferation in the presehcj: of a receptor agonist can be restored by the additional presence 
of a receptor antagonist, pother embodiment of the method of the invention is based at 
least in part, on the discov|ry that an indicator cell expressing a GPCR displays detectable 
changes in cell morphology in the presence of a receptor agonist and that these morphological 

20 changes are reversed in the presence of a receptor antagonist. 

The methods of ^invention are simple, rapid and high-throughput assays that allow 
for the efficient screening 6f either individual compounds or libraries of compounds. 
Furthermore, these methods are widely applicable to different GPCRs and can even be used 
to identify ligands for "orphan" receptors of unknown function. Accordingly, the methods of 

25 the invention can be used both to investigate GPCR function and to identify compounds 
useful for manipulating or altering GPCR activity, e.g., for therapeutic purposes. In a 
preferred embodiment of the invention, mammalian cells are used as indicator cells in the 
screening assays, thereby allowing for identification of agonist or antagonists of mammalian 
GPCRs in the context of a mammalian cellular environment. 

30 Other aspects of the invention pertain to methods for preparing indicator cells useful 

in the screening assays of the invention and compositions, e.g., cells and vectors, used in the 
assays. The various aspects of the invention are described in further detail below. 

In one embodiment, the invention provides a method for identifying an agonist or 
35 antagonist of a G-protein coupled receptor comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound, 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 
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c) identifying the at least one test compound of the test composition as an 
agonist or an antagonist of the G- P rotein coupled receptor. 

As used herein, the term "G-protein coupled receptor" (or "GPCR") re f ers to a 

VTTJ£ W H eneXP 7 ed ^ 3 CeH ' " S ° CiateS 3 G " Pr0tein * P'°tein composed 
of a,.p and y subumts and which hydrolyzes GTP). Preferably, the GPCR is a "seven 

transmembrane segment receptor" (or "7 TMS receptor"), which refers to a protein that 
structurally comprises seven hydrophobic transmembrane spanning regions 

lut ei n 12ing hormone releasing hormone (LHRH) (also known as gonadotropin releasing 
hormone, GnRH) recep tor, the Ml musparMcieceptor and the 0ther 

— receptors include opioid reenters, endothelin receptors, angiotentin^ 
neuropeptide Y receptors and serotonin K receptors. • 

Additionally, groups of GPCRs have been classified according the G nrnt™ t 

used n, tie serening assay cobles .o (i.e„ a^ciafes with) . Gq/1 , G-protein. Examples of 
GPCfethatcoupletoaOa/n O-proteto to^e ft e f„,l ow i ng _ J. LHR m^^ 
~**flp (m., 3 and 5 subtypes), M . m^nie, adenosL 

anda C su^pes), angiotensin (AT1A subtyp^,, bombesin md *> B 
<«^-- 0» sub^pe), C5a, ^lycystok^cCKa aM CCKb sub^pes,, enTontlin (Ba 

™ IfT' *"■"* <mGlul> 5 5HT <2A ' B - c « b*^T 

XsubS' ^ " ^ h °™"5 f A2 and vasopressin 

. \ I, 

In another embodiment, the GPCR usedjin the screening assay couples to f i e 
™ with, a O s O-Protei, Examp.es of GPCRs tha, couple to I o s &prote „ include 
the fol.„„,„g receptors: P 2-adrenergic, cardiac p-atenergic, hiaamine ^2 LyT 
%rom,p,„, growm hormone releasing factor, adrenocorUcottopic hormone (ACTO 5HT 

"cm h0rm °" e " SHX (TSH), G^ucZ 4 ' 

■ZTnT 5 ft" ^ Ca ' Ci,0nin - ^ vaZ^e 

intestinal polypepude and parathyroid hormone; awacuve 

In another embodiment, the GPCR used in the screening assay couples to « e 

— with) a 0, G-protein. Examples of GPCRs that couple to GiC^clude 
Ae foHowmg receptors: 5HT (1A, IB, ,D and IF subtypes,, m G.utami eR 2 3 

subtypes,, n-opiod, 6-opiod, K*opiod, neuropeptide Y ( 1 , 2 subtypes, 

"orp W —T*! ""T""™' "* ° ?CR ^ ^-d to in the art as ar, 

bu, for „h,ch the oanrral ligand is unknown prior ra use of the orphan receptor in Z 
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screening assay of the invention. In this latter embodiment, the screening assay can thus be 
used to identify test compounds as ligands of the orphan receptor. For example, naturally- 
occurring substances can be screened in the assay to investigate whether they are natural 
ligands for the orphan receptor. Accordingly, in addition to allowing for agonists and 
5 antagonists of known GPCRs to be identified, the bioassays of the invention also are useful 
for investigating the function of orphan GPCRs by identifying ligands for these receptors. 

As used herein, a receptor "antagonist" refers to an agent that inhibits the activity of a 
GPCR, whereas a receptor "agonist" refers to an agent that stimulates the activity of a GPCR. 
Inhibition or stimulation of receptor activity by an antagonist or agonist, respectively, may be 
1 0 partial or complete. 

As used herein, the term "population of indicator cells" refers to a multiplicity of cells 
that express at least one GPCR of interest (i.e., the GPCR for which a receptor agonist or 
antagonist is to be! identified). An indicator cell "expresses" a GPCR when the GPCR is 
present on a membrane of the indicator cells. The indicator cells may naturally express the 

1 5 GPCR of interest (%o referred to as "endogenous" expression) or, more preferably, the 
indicator cells express the GPCR of interest because a a nucleic acid molecule that encodes 
the receptor has been introduced into the indicator cells, thereby allowing for expression of 
the receptor on tlie Aembrane of the cells (also referred to as "exogenous" expression). 

Cells which £ridogenously express a GPCR are well known in the art and can be used 

20 in the screening assay of the invention. However, more preferably, an indicator cell for use in 
the assay is prepared by introducing into the cell a nucleic acid (e.g., DNA) encoding the 
GPCR of interest Wch that the GPCR is expressed on a membrane of the cell. Preferably, the 
indicator cell does not express the GPCR of interest prior to introducing the GPCR-encoding 
nucleic acid into the cell. The GPCR-encoding nucleic acid introduced into the cell is in a 

25 form suitable for expression of the receptor on a membrane of the cell, meaning that the 

nucleic acid contains all of the coding and regulatory sequences required for transcription and 
translation of the nucleic acid encoding the GPCR, which may include promoters, enhancers 
and polyadenylationr signals, and sequences necessary for transport of the receptor to the 
surface of the cell/including N-terminal leader sequences. In a preferred embodiment, the 

30 nucleic acid introduced into the cells is a recombinant expression vector carrying a cDNA 
encoding the GPCR. In recombinant expression vectors, the regulatory functions responsible 
for transcription and/or translation of the cDNA are often provided by viral sequences. 
Examples of commonly used viral promoters and/or enhancers include those derived from 
polyoma, Adenovirus 2, cytomegalovirus and Simian Virus 40, and retroviral LTRs. Suitable 

35 expression vectors for expression of a GPCR in an indicator cell are well known in the art 
and many are commercially available. The recombinant expression vector can be, for 
example, a plasmid vector or a viral vector (e.g., a retroviral vector, an adenoviral vector or 
an adeno-associated viral vector). Expression of the GPCR on the surface of the indicator 
cell can be accomplished, for example, by including the native sequence of the GPCR in the 
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CDNA carried by tte recon,^, expKssjon yector ^ 

««o,„g„us stgaa, sequence (,,., fro* another pro«ei„) for Ore tjve OPCR^ce 10 
change the mtracellular processing pathway of the OPCR I, is kno»n in * 

In addition to mtroducjng into host cell a nucleic acid molecule encoding a OPCR 

additional nucleic acid molecules enrwK«rr «*u<~ , tuning a LrfLK, 

' desired ,o m „H„. . i n, ° leCUlK encodu, 8 a*" 8™' P^"* may also be induced, if ' 
. ^ d ^™ d ^*=respo nsl ven^^ 

the O-protein is expressed in the host cell (eg either*. .t "* 

protein ta a host cell which endoge^ouSly ~ 2^ a '° 0 ™' °' ^" 

■5 . express that pardcular Ostein), ^ n ^ m «****°««*m»*, . 

A nucleic acid encoding a GPcJ (e.g., a recombinant expression vcctort cm be 
■n.oduced tu,< .cells by a variejy of well-xnow* eel, Wee J 

20 uTT nucrouuecuon.Shd infection with viral vectors. Suitable meuVds for 

20 mt^hrcmg nuclerc acid into cells can ie found in Sambrcok e, al. QyMe^cTcZ A 

^m S xm S mUni£mm. Cold Jpring Harbor Laboratory p^SSS^, 
^oratory manual, m d kits for u^ ^ „ ^J^^^ ^ 

u uiugb sucn as 04 1 8, hygromycm and methotrexate Selects ™« u 
induced o„ the same nucleic acid molecute (e.g., 

■mroduced on a separate nucleic acid molecule <e.g., plasmid). " * 

In a preferred embodiment, the indicator cells used in ih-m«i~i <■.,. • 
mammalian ceUs. The ability ,„ use matnrnaUan ^T^T 0 ° ™ 

'5 may be particularly 

mammals tea rpru <-,u urcK 01 mter est is from humans or other 

mammals (e.g., GPCRs of therapeutic relevance) since the test compounds) is assayed 
agamst the receptor within the context of a mammalian cell environment Th I T 

to assay systems that utilize yeast fee PPT An r ♦• I , 18 m COntrast 

uull ** : yeasi ie.g., rd Application No WO Q4/7^m«. „ i i 
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reptiles (e.g., PCT Application No. WO 92/01810; and Lemer, M.R. (1994) Trends in 
Neuroscience 17:142-146). Non-limiting examples of suitable mammalian cell lines that can 
be used to prepare indicator cells for use in the methods of the invention include Chinese 
Hamster Ovary (CHO) cells, COS cells, 3T3 cells, HeLa cells and 293 cells. The most 
5 preferred cells for use in the methods of the invention are CHO cells. Other similarly suitable 
cells will be apparent to those skilled in the art. Mammalian cell lines from which indicator 
cells can be prepared are available from the American Type Culture Collection, Rockville 
MD. 

As used herein, the term "test composition" is intended to encompass material that 
1 0 includes at least one "test compound", which refers to a compound to be assayed to determine 
whether it is a receptor agonist or antagonist. A test composition may contain a single test 
compound or multiple test compounds. For example, the test composition can include a 
library of test compounds, e.g., a combinatorial library of peptides. A library of test 
compounds cah be screened in pools, and the pools that test positive for a receptor agonist or 
antagonist can to subdivided and rescreened. This process then can be repeated as necessary 
until a single positive test compound is identified from the library. 

Optionally, the test composition can include additional substances. Additional 
substances thaVcan be included in the test composition include known receptor agonists and 
known receptor antagonists. For example, a known receptor agonist can be included in the 
test composition to elicit a metabolic response from the indicator cells and a test compound 
can be identified as a receptor antagonist based upon its ability to reverse or inhibit the 
metabolic resp'Snse; elicited by the receptor agonist. Similarly, a known receptor antagonist 
can be included in the test composition to elicit a metabolic response from the indicator cells 
and a test compound can be identified as a receptor agonist based upon its ability to reverse 
25 or inhibit the metabolic response elicited by the receptor antagonist. Other substances that 
can be included in the test composition include agents that alter the metabolism of second 
messengers in the indicator cells. Examples of such agents include phorbol esters (e.g., 
phorbol myristate acetate), calcium ionophores (e.g., A23187), phosphodiesterase inhibitors 
(e.g., isobutyl-methylxanthine) and staurosporine. Such agents can be included in the test 
30 composition to alter (e.g., increase or decrease) the sensitivity of the indicator cells to the test 
compound(s) and/or a known receptor agonist or antagonist. 

As used herein, the term "parameter of cellular metabolism" is intended to include 
detectable indicators of cellular responses that are regulated, at least in part, by a GPCR 
expressed by the indicator cell. Examples of parameters of cellular metabolism that can be 
35 measured or determined in the assays of the invention include cellular viability, cellular 

proliferation and cellular morphology (explained in further detail below). A test compound is 
identified as a receptor agonist or antagonist based upon its causing a change in at least one 
parameter of cellular metabolism of the indicator cells when the test compound is contacted 
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In one embodiment of the invention, an agonist or antagonist of a GPCR u f r , 
^uponi^,^ 

nisfo m emb ° diment ' ±C ™ n «° n P r0Vides a -thod for identifying an 

agonist or an antagonist of a G-protein coupled receptor, comprising- * 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; ^position 

, - H measuring viability of proliferation of the indicator cells; and 

As described in further detail inixamples 2 and 3 GPCR exmwsi „ B -a- , 
of U,e inventions, decreased «„ ^ ^ .^ZZ^? 

antagonist. .Therefore, a test compound ^ be identified as an agonist of a GP^R K,c a 

lea* „ I "." ,,0a ? imposition comprises a.es. co„,p„und<s)anda, 

receptor agonist or antagonist. For example> . ^ ^ ■ « ™ d 

•MM « an anugonis. of a OPCRbfcd upon its ability to increase me viabilL/or 

^°P u i at i°n of indicator,ceils when _ with me ceHs to 

me pZlTrl" 7"^ M ,' h 1 Vtabili,y ^ Mca to, e^in 
tne presence of the receptor agomst alone. Accordingly, to another embodiment the 

— provides a method for identity an ^ of a ^ ^ ^ 

a) contacting a population of indicator cells with a test composition 
contatntng a, leas, one tes, compound and a, leas, one known receptor aglsT 

b) measuring viability or proliferation of the indicator cells- and 

coupled receptor *T* *" " f~ - <~ - - ~t of the 0- protei n 

W, in this system, the identified amagonis, has a positive effect on the indicator cells (i e 

the viability and/or proUferative response ofthe cells) i, i^W 
*« false posmves will be identified by the assay. This is in contrast to an i"y ^ 
wherem antagonts, stimulation leads to cell death, in which cas* cmpounTta 
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specifically toxic to the cells would be selected in addition to compounds that act specifically 
as receptor antagonists. 

The viability or proliferation of the indicator cells can be measured by one of several 
suitable techniques well known in the art. For example, cell viability can be determined by 
5 cell counts (e.g., with a haemocytometer) of cells, preferably treated with a dye such as 
trypan blue (which is excluded from viable cells) or by measuring an enzymatic activity in 
the indicator cells that correlates with cell viability, such as reduction of a tetrazolium salt 
(e.g., 3,(4,4-dimethylthia2ol-2-yl)2,5.diphenyl4etrazolium bromide [MTT]), which can be 
detected spectrophotometrically (see Examples 2 and 3). Additionally, cell viability can be 
: 10 determined using such indicator dyes as propidium iodide, acridine orange and Hoechst 

33342. Cell proliferation can also be determined, for example, by tritiated thymidine uptake. 
For mammalian cells, measurement of cell viability or proliferation of the indicator cells is 
typically performed at about 2 to 7 days after contact with the test composition. 
; A preferred GPCR for use in this assay system is LHRH-R. As demonstrated in 

£l 5 Example 2, when an LHRH-R-expressing Chinese Hamster Ovary (CHO) cell is contacted 
i with a known LHRH-R agonist, the reduction of MTT by the cells (as an indicator of cell 
: viability) is decreased. Moreover, when the LHRH-R-expressing CHO cells are contacted 
with both the receptor agonist and a known receptor antagonist, the decreased viability of the 
cells induced by the agonist is reversed. A test compound(s) can similarly be screened 
20 against such cells and the viability and/or proliferation of the cells measured to identify the 
test compound(s) as a receptor agonist or antagonist. Known LHRH-R agonists or /f 
antagonists, which can be included in the test composition (e.g., a known agonist may be 
i included in the test composition to identify test compounds as receptor antagonists) are 

commercially available (e.g., from Sigma Chemical Co., St. Louis, MO). Preferred LHRH-R 
25 agonists include LHRH analogues such as P-His 6 ]-LHRH, whereas a preferred LHRH-R 
antagonist is antide. 

Another preferred GPCR for use in this assay system is the Ml muscarinic receptor. 
As demonstrated in Example 3, when an Ml muscarinic receptor-expressing CHO cell is 
contacted with a known M 1 muscarinic receptor agonist, the reduction of MTT by the cells 

30 (as an indicator of cell viability) is decreased. Moreover, when the Ml muscarinic receptor- 
expressing CHO cells are contacted with both the receptor agonist and a known receptor 
antagonist, the decreased viability of the cells induced by the agonist is reversed. A test 
compound(s) can similarly be screening against such cells and the viability and/or 
proliferation of the cells measured to identify the test compound(s) as a receptor agonist or 

35 antagonist. Known Ml muscarinic receptor agonists or antagonists, which can be included in 
the test composition (e.g., a known agonist may be included in the test composition to 
identify test compounds as receptor antagonists) are commercially available (e.g., from 
Sigma Chemical Co., St. Louis, MO). A preferred Ml muscarinic receptor agonist is 
carbachol, whereas a preferred Ml muscarinic receptor antagonist is pirenzepine. 
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used asl^M emb ° dime :'' " Pr0lifera,i °° ° f *• " — - * * 

used as the metabohc parameter based upo n which a test compound is identified as a recentor 

agon*, or adonis,, the GPCR expressed by Ac indicator celis coup,es to a Go/U G 
prot«n. In addition » the LHRH receptor described above, other elpies of GPCfe .ha, 

£?T* ade " 0Si " e "B »da,C subtv^s).!^ rl 

(ATI A subtype), bombesin (BB. and BB2 subtypes), bnrfykinin (B2 sub*L , c ™ 8,0,CTSm 

. •LJlS JZ^ (HI neurotensin, 

neurotoun (NK2, 3 subtypes), oxytocin, thyrotropin releasing hormone (TRH) TSH 
thromoboxaneA2 and vasopressin (Via subtypes), 

^ndseve^rrar^emr^esegmentp^ 

such that the chtmenc receptor couple^ to . Go/1 1 G-protein in fte tadicao, ho , ■ 

Regarding the structure of 7 T^lSrecentnrc tv.*> ^„ u 
r» • . 1 me> rec eptors, the transmembrane segments will h*> 

m 17 C , r " ' (ltoWp8 ™ S 1 md ™ S IC 2 (linking TMS III and TMS 

VII). The hgand bmttag domain" of a 7 TMS receptor refers to the portions) of me 
■ece^r ma, s necessary for recognition of a ligand by me receptor, LZ * £L 
transduction domain- of a 7 TMS receptor refers to the portion*) of the recepto Z"s 
^ssaryfor signal transduction by me receptor and in particuj for cuplin^ft ^ceptor 
to a specific G-protein (e.g., Gq/1 1). receptor 

The construction and expression of certamchimeric 7 TMS receptors composed of 
£rtio„s ofone 7 TMS rector firsed to portions of a second 7 TMS recU Z^n 
d^nbed ,„ me art. For example, chimeras have been constructed benveen a2 . 
^renerg, receptors (see eg., Kobihka, B.K. e, a,. ( „8 8)&iaKe ^ 

< W^SST t, ,T" M '" ^ MJ ~—*' ~*» ft- e-g., Kubo, T. e, al. 
(1988) HHB^ 241:1 19-125). These studies have demonstrated ma, distinct stiucrura! 

~ °i: 7 ™ ^ e -— ,o *■ ^ ~ - * ~ 

to me G-proteu, couplmg properties of me receptor. In particular, detenninants involved 
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in G-protein recognition have been mapped to intracellular loop 3 (IC 3), which connects 
TMS V and TMS VI. Accordingly, in one embodiment, the "at least one signal transduction 
domain of a second 7 TMS receptor" of the chimeric receptor comprises at least intracellular 
loop 3 (IC 3) of a 7 TMS receptor that couples to a G-protein of interest, e.g., a Gq/1 1, G s or 
5 Gj G-protein. ; 

Preferably, IC 3 from an LHRH receptor (which couples to Gq/1 1) is used. More 
preferably, IC 3 from the human LHRH receptor is used. The nucleotide and amino acid 
sequences of mouse and human LHRH-R are disclosed in PCT Publication No. WO 
94/00590 by S:C. Sealfon. According to the amino acid sequence of human LHRH-R 
10 disclosed therein, IC 3 corresponds to about amino acid residues 234 to 268. Therefore, to 
construct a chimeric GPCR comprising IC 3 of human LHRH-R, a nucleotide sequence 
encoding amino acid residues 234 to 268 of human LHRH-R is exchanged for the nucleotide 
sequence encoding IC 3 of another 7 TMS receptor using standard recombinant DNA 
techniques (such as the polymerase chain reaction, restriction endonuclease digestion, DNA 
ligation and th^ like). For example, to construct a p2-adrenergic receptor (p2-AR)/LHRH-R 
chimeric recepW, the region of the (J2-AR cDNA encoding IC 3 is deleted and replaced with 
a nucleotide sequence encoding IC 3 of LHRH-R. This chimeric cDNA can be cloned into a 
recombinant expression vector and introduced into host cells by standard techniques, as 
described above, to create indicator cells expressing the chimeric receptor for use in the 
20 bioassays of the invention. 

In addition to IC 3, the chimeric receptor may contain additional portions of the 
second 7 TMS-receptor involved in signal transduction, such as IC 1 and/or IC 2. For 
example, whenf the second 7 TMS receptor of the chimera is human LHRH-R, amino acid 
residues 62-76 (corresponding to IC 1) and/or 140-156 (corresponding to IC 2) of human 

25 LHRH-R can be exchanged for the equivalent IC 1 and/or IC 2 domains of the first 7 TMS 
receptor of the chimera. Moreover, a carboxy terminal region may be deleted or added to the 
chimera. For example, when the first 7 TMS receptor of the chimera (which contributes the 
ligand binding domain(s)) normally incudes a carboxy terminal region and the second 7 TMS 
receptor of the chimera (which contributes the signal transduction domain(s)) is LHRH-R, the 

30 carboxy terminal region of the first 7 TMS receptor may be deleted or omitted from the 
chimera since the LHRH receptor normally lacks a carboxy terminal region. 

In another embodiment of the invention, an agonist or antagonist of a GPCR is 
identified based upon its ability to alter the cellular morphology of a population of indicator 
35 cells. Accordingly, the invention provides a method for identifying an agonist or an 
antagonist of a G-protein coupled receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) determining the morphology of the indicator cells; and 
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5 ^.ncellular^w^^^,^^^ F "oT 
LHRH-R) become more rounded and detach from the culture dish when contacted with, 

test compound can be identified as an agonist of a GPPR k»«J • . lneref °re,a 
cellular morphology of indicate, cells! ^^L^ZT^T^ 

6M J^i *** "» *" «" a tes, 

compounds) and at leas, one known rector agonist-or aMagonist Forexamnl. » 
expound can > identilied mm ^ „ f a 0PCR ^ ^^aT 

20 provides a methodlr i^^ 4?*NHy. - another embodiment, the invemion 

^ ?££* m -y* f *' comprising: 

a) ""^gap^ulati^ofindicatorcellswithatestcomposition 
contauung a, ieas. one test compound and a. leas, one known receptor agZ, 

b) determining the cellular morphology of the indicator xlh . ^ 

« cooked rece P ^ ,de " ifyta8 " ^ ^ ^ "* " " G-pro,ei„ 

As used herein, the term "cellular' morphology" refers eenerallv t„ rt. 
■cel.. CeHular morphology of indicator celJL "de^T™^ " 
nucroscopy. Moreover, digital imaging of me cel ls can be performed toZnt 

lt:~^r ' 0Sy ' ^ - — » » 72 *- ^ contact 

GPCRs as previously described herein can be used in mis bioassay wherein receotor 
^ntsts or antagonists are identified based upon their effects on the m 6^Z 0{ ^ 
md cator cell, For example, in various embodiments, the GPCR can cole Z Ml 1 G 



Another aspect of the invention pertains to methods for preparing celk h», 
recombinant OPPPc tu„«. t. . preparing cells that express 

mbmant GPCRs. These cells are statable for use as indicator cells in the bioassays of the 
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invention. The methods of the invention for preparing GPCR-expressing cells are based, at 
least in part, on the discovery that stimulation of a recombinant GPCR expressed on a host 
cell with a receptor agonist can lead to decreased cell viability and/or decreased cell 
proliferation. Accordingly, for improved generation of GPCR-expressing cells, stimulation 
5 of the GPCR by receptor agonists is inhibited or avoided. Thus, the invention provides an 
improved method for preparing a cell that expresses a recombinant G-protein coupled 
receptor on a membrane of the cell comprising introducing into the cell a nucleic acid 
molecule that encodes the receptor such that the receptor is expressed on a membrane of the 
cell, under culture conditions in which stimulation of the receptor by receptor agonists is 
10 inhibited. 

As used herein, the term "recombinant G-protein coupled receptor" refers to a GPCR 
that is encoded by an exogenous nucleic acid molecule introduced into a host cell (e.g., the 
GPCR if encoded by a recombinant expression vector that is transfected into the host cell). 
Preferably, the host cell lacks endogenous expression of the GPCR. The recombinant GPCR 
1 5 may be derived from the same species as the host cell or from a different species than the host 
cell (e.g:, a human recombinant GPCR can be expressed on a non-human host cell, such as a 
CHO, CfOS or 3T3 cell, etc.). 

In one embodiment of the method for generating a cell expressing a recombinant 
GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
20 inhibited" comprise culture of the cell in a medium that contains a receptor antagonist. 
Kio^receptbr antagonists for many different GPCRs are commercially available. For 

receptor antagonist antide can be included in the medium 
or, for the Ml muscarinic receptor, the known receptor antagonist pirenzepine can be 
included; in the medium. 

25 In another embodiment of the method for generating a cell expressing a recombinant 

GPCR, the "culture conditions in which stimulation of the receptor by receptor agonists is 
inhibited" comprise culture of the cell in a medium that lacks receptor agonists. Media that 
lack receptor agonists may be prepared, for example, using serum from which receptor 
agonists have been removed, e.g., by dialysis. For example, dialyzed fetal bovine serum can 

30 be used as the source of growth factors for the cells. 

In the method of the invention for preparing a GPCR-expressing cell, the cell can be 
maintained under the culture conditions in which stimulation of the receptor by receptor 
agonists is inhibited until stable expression of the receptor on a membrane of the cell is 
achieved. Accordingly, the invention further provides methods for preparing stable 

35 populations of cells expressing recombinant GPCRs. As used herein, a "stable" cell 
population refers to cells whose expression of a recombinant GPCR remains essentially 
unchanged over time in culture (e.g., due to integration of the GPCR-encoding nucleic acid 
into the genome of the cell). Preferably, expression of the GPCR by the cell is stable for at 
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Aether aspect of the invention, therefo re , penai^ ,„ of 

ft«e «fc comprise a stable population of celis exZin» T mb0diment - 
in a culture medium^er "iT" ^ 

receptor agonists inhibited. TTte "culture conditio rlta^T l «' 0 '"> t 
rector agonisu is inhibited" can compriseTe^Ze Tt """" * 

W-^cOPC R c, m p^k^ 

-SST* re - CePWrJmdS ^' — o. domainof a seel" 

seven tiansmembrane segment receptor. s„ch that the chimeric GPCR couples to a Zu c 
protein when the chimeric QPCR is expressed in a host cell wjhl * ? 
-eptor is „ LHRH recepttr. More preferaWy, tn^cTn ™7" T *t ™ $ • 
redepto, ^irm^^J^^^^^^' 
hot counle to a rwi i ' *«»«ioiy is a ufCR that normally does 

not couple to a Gq/1 1 G-protem. For example, the first 7 TMS receptor can he R? JL 
receptor (which couples to G,) Nucleic u- Pt ° r Can be P^drenergic 

conespondmg portion^) of the first 7 TMS receptor (as described above) Fo exLle in 
preferred embodiment, portions of a cDNA encoding the first 7 TM^ P ' * 

with portions of the LHRH R ,om a ™ S reCept ° r re P laced 

po ns or the LHRH-R cDNA comprising the signal transduction domain(s) of LHRH 
R- Thus, m one embodiment, the nucleic acid nf th. ;„ «°rnain(s) ot LHRH- 

comprising intracellular loop 3 & ^ 

v i t ^°°P •> oi a urCR that couples to Gq/1 1 preferably IC 3 of T hrh 

R - In another embodiment, the nucleic ac* of the invention encl a 21^^ 

compnsmg intracellular loops 1,2 and 3 of a GPCR th n t^ . „ ^ 
1, 2 and 3 of LHRH R^ i n V u 1 couples to Gq/1 1 (e.g., preferably IC 

. and of LHRH-R). In yet another embodiment, the nucleic acid of the invention 
encodes a chimeric receptor comprising intracellular loops 1 2 and 3 of TcZTT 

n.o.ecu,e ending a chimeric GFCR and hojc=,,s ** 
express vector has been introduced are a,so enc^npassed bv me in^ot"! hos, 
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cells expressing a chimeric GPCR can be used as indicator cells in the bioassays of the 
invention. 



Another aspect of the invention pertains to a Chinese Hamster Ovary (CHO) cell that 
5 expresses a recombinant human luteinizing hormone releasing hormone receptor. Yet 
another aspect of the invention pertains to a Chinese Hamster Ovary cell that expresses a 
recombinant chimeric G-protein coupled receptor. The chimeric receptor comprises at least 
one ligand binding domain of a first seven transmembrane segment receptor and at least one 
signal transduction domain of a second seven transmembrane segment receptor, wherein the 
1 0 chimeric receptor couples to a Gq/1 1 G-protein in the cell. Preferably, the second 7 TMS 
receptor of the chimera is an LHRH receptor. More preferably, the second 7 TMS receptor of 
the chimera is a human LHRH receptor. The CHO cells of the invention also can be used as 
indicator cells in the bioassays of the invention. 



15 



The methods of the invention for identifying agonists or antagonists of GPCRs are 
useful for identifying compounds that may be therapeutically useful in the treatment of 
disease conditions thtfihyo^' abOTant activity of a GPCR. Many human diseases have been 
traced to a mutation in a GPCR (reviewed in Coughiin, S.R. (1 994) Curr. Op. Cell. Biol. 
6: 1 91 - 1 97). Moreover, many human diseases are currently treated with known agonists or 
20 antagonists of GPCRs. Examples include LHRH agonist such as leuprolide, gonadorelin and 
nafarelin, which havefceen used to treat prostate and breast carcinomas, uterine leimyomatas, 
endometriosis, precocious puberty and nontumorous ovarian hyperandrogenic syndrome, the 
cardiac P-adrenergic receptor antagonist propranolol, which has been used to treat 
hypertension, angina ptectoris and psychiatric disorders, the pulmonary p*2-adrenergic 
25 receptor agonist metaproterenol, which has been used as a bronchodilator and the histamine 2 
receptor antagonist cimetidine, which has been used to treat ulcers and idiopathic urticaria. 
Other examples of GPCRs and their potential clinical indications are as follows: 
acetylcholine (motion sickness); adenosine 1 (renal disease, sleep apnea; cognitive disorders); 
cc-adrenergic (hypertension, benign prostatic hypertrophy, impotence); angiotensin (renal 
30 disease); bombesin (small cell lung cancer; smooth muscle contraction); bradykinin 

(inflammation); C5a (inflammation); choly-cystokinin (panic attack; analgesia); endothelin 
(hypertension, myocardial infarction, ulcers, asthma, renal failure); and glutamate (memory 
& learning). Additional and improved receptor agonists and antagonists can be identified 
using the screening assay of the invention. Moreover, ligands of orphan GPCRs of unknown 
35 function can be identified, thereby allowing for an increased understanding of the 

physiological role for these orphan GPCRs and perhaps the use of agonists or antagonists 
therefor as therapeutic targets. 
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apphcafons cued throughout this application are hereby incorporated by reference. 

5 EXAJVIPLEl: Construction of an Indicator Cell Expressing a Luteinize 

Hormone Releasing Hormone Receptor 

recepto™ Z stnT" *" * ***** h ™« *«*~ 

receptor (LHRH-R), su.table for use in .the screening assays of the invention a cDNA 

10 encoding human LHRH-R was cloned into a recomhinsmt • Cmi0n ' acDNA 

A cDNA encoding human LHRH-R prefefa, „f ^ ^ ^ 

hvth.cvj/1 \. ' ,0 »y Iec ™>9V*s^-Ui the vector, expression of LHRH-R was directed 

conned a dihydofolate reductase. (DrjFR) gene m . ^ J*"* ** 

Dihydrofolate reductase-deficieht CHO celk <T>T nrv d i 
20 ^X^ullvreC*^ 

W«ted with the above-described lIrh-r ^ ^ ^ 

EXA^LE2: Assays for LHRH-R Antagonists and Agonists 

30 Woassa^iZ™ R° S . CH0 <» >, was used in a 

assay to .denary LHRH-R antagonist or agonists as follows. The cells were Dialed i„,„ 

t *Jr eUUH,Sj " L ™ )(commerc,all y available from Sigma Chemical Co St 

- ,0 nanomolar, or"! Z^e 0 f a 
35 cTT, Lo ^ < "" a <m,ide) (co ™*^ mailable from Sigma Chemical 

As a control, LHRH-R-expressing CHO cells were cultured in the absence of ™. ,hh v , 

substances. As another control. untramfectedCHODUKYB, n V 

various concenuadons of agonist (ID-h5™ ^ ^ CU " Urcd 

B J-LHRH) alone or antagonist (antide) alone. 
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After 5 days of culture, cell viability was assessed using the viability indicator 3,(4,4- 
dimethylthiazol-2-yl)2,5-diphenyl-tetrazolium bromide (MTT). (See Shearman, M.S. et al. 
(1994) Proc. Natl. Acad. Sci. USA 91:1470-1474; Hansen, M.B. etal. (1989)7. lmmun. 
Methods 119:203-210). MTT (commercially available from Sigma Chemical Co., St. Louis, 
5 MO) is a chromogenic substrate that in viable cells is enzymatically reduced from a yellow 
color to a blue color, which can be detected spectrophotometrically. To measure cell viability 
in the presence of the agonist and/or antagonist, MTT (at a final concentration of 1 mg/ml) 
was added to the cells for the final 2.75 hours of culture at 37 °C. Following incubation with 
MTT, the media was removed and the cells were lysed in isopropanol/0.4N HC1 with 

10 agitation. The absorbance of each well at 570 nm was measured to quantitate viable cells. 
Alternatively, MTT was solubilized by addition of 50 % N,N-dimethyl formamide/20 % 
sodium dodecyl sulfate added directly to the media in the wells and viable cells were likewise 
quantitated by measuring absorbance at 570 nm. 

the results of a representative example of a bioassay using LHRH-R-expressing CHO 

15 cells are;shown graphically in Figure 1 B, whereas the results with control untransfected CHO 
cells areishown graphically in Figure 1A. The data illustrated in Figure IB demonstrate that 

was not affected by.the presence of. . 
increasing amounts of receptor antagonist alone, whereas cell viability was markedly reduced 
in the presence of increasing amounts of receptor agonist alone (indicated by reduced 

20 1 a bsorba|ceat 570nm). Notably, this reduced cell viability in the presence of the receptor 
agonist |vas reversed when the receptor antagonist was present together with the receptor 
agonist. 'This effect was dose dependent, with higher concentrations of receptor antagonist 
leading to greater cell viability. In contrast, neither the agonist or the antagonist had any 
effect on the viability of untransfected CHO cells (Figure 1 A), demonstrating that this 

25 phenomenon is dependent upon the expression of LHRH-R on the CHO cells. 

The results described herein demonstrate that increased viability of the LHRH-R- 
expressing CHO cells in the presence of a receptor agonist and a second compound, as 
compared to viability of the cells in the presence of the agonist alone, indicates that the 
second compound is a receptor antagonist. Furthermore, the results demonstrate that 

30 decreased viability of the LHRH-R-expressing CHO cells in the presence of a receptor 
antagonist and a second compound or in the presence of the second compound alone, as 
compared to viability of the cells in the presence of the antagonist alone or in the absence of 
any compounds, indicates that the second compound is a receptor agonist. 

35 EXAMPLE 3 ; Assays for Ml Muscarinic Receptor Antagonists and Agonists 



CHO cells transfected to express an Ml muscarinic receptor (e.g., Ml WT3 cells, 
available from the American Type Culture Collection, Rockville, MD, Catalog No. CRL 
1985) were used in a bioassay to identify antagonist or agonists of the Ml muscarinic 
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well plate (250O cells/well) and cultured in the presence of a known Ml muscarinic 
-eptor agonist ^ (carbacnol, (also known as carbamy,cho, ta e chlori* "1 
variable from Slgma Chemical Co., St. Uuis, MO), concent benve<n7 
nanomolar arrd ,0 millimolar, or in the presence of a known Ml muscarinic ~ Z 
antagontst alone (pirenzepine) (commercially available from Sigma Chemic TTl, , ■ 
MO,, a, „Uo„s between 10 0 nanomolar and 1 .fflj^h C*„« 
^oms, and the antagonist, a, various combinations of concen^on^! ^ 
n^^annic teoeptor-expressing CHO cells were cultured in the absence of any additional^ 
^ance, As another control, untransfected CHO DUKX Bl cel.s were JLdST 
vanous „,,„„, ,„f agonist (carbacho^one or antagonist (piren^ineX 

Ml muscarinic receptor-expressina CHO JF T * USing *" 

i-cpior expressing CHO cells are shown graphically in FieiirP 9ft 

the results with control ktransfected CHO ^i* u 8 ' Whereas 

'\ ••• «y? jiraaiBiecteci LHO cells are shown grapliicallv in FieimOA e S 

to the results observed ^eLBR^^ 
^pSCcH^ 

expressing CHO cells was not affected by ^presence of increasing amounts of receptor 
~ whereas cell viability was ^edly reduced in 1« 

of n^as ng amounts of receptor agonist (ca*achol) alone (indicated by reduced abs^L 

reversed when the receptor antagonist was P^sem together ^ Ae 8 

^^Z^T' * ^ of receptor an taglist 

g eater cell v^bmty. I n contrast, neither the agonist or the antagonist had little effect on the 

£2« FT*" CeUS (Fi8Ure ^ «• Pnenol™ 

dependent upon the expression of Ml muscarinic receptor on the CHO cells 

The results described herein demonstrate that increased viability of the Ml ra .«. • ■ 
receDtor-exnrp<tQino run „„n • »"UMiiiy 01 tne Ml muscanmc 

eptor express** CHO cells m the presence of a receptor agonist and a second comnound 
as compared ,„ vtability of me cells in the presence of the agonist alone, indi^T^' 
second compound is a receptor antagonist. Furthermore, the resets d-£T«T 
« vtabiiity of the Ml muscarinic recepfcr-expressmg CHO ceMs int^ence ofa 
-P-or antagonist and a second compound or in the presence of the second Z'und le 
- spared to vtability of the ceils in the presence of the antagonist alone or inTTb^ 
rf ^«W^^«l-to« B »d«^^ i ,. I ^^ ">»-bsence 

EXAMPLE Screening of a Library of Test C mpounds 

An LHRH-R-expressing cell line, prepared as described in Examrf.i • ^ \ 
wi* a libra, of compound to identify ^ or .^^^ ~ ~ 
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was comprised of at least 100 different peptide compounds produced using combinatorial 
methods, divided into 10 sample pools of at least 10 compounds each. The final 
concentration of peptide was 1 .5 nM in each well of the 96-well plate. Two of the samples 
were "spiked" with either the LHRH-R antagonist antide (in sample 6 at 1 .5 uM) or the 
5 LHRH-R agonist D-His 6 -LHRH (in sample 4 at 1 .5 uM). 

Cells were assayed in the "antagonist mode" (i.e., conditions which allow for 
identification of receptor antagonists) by coincubating test compounds in the presence of 
1 nM D-His 6 -LHRH, or in the "agonist mode" (i.e., conditions which allow the identification 
of receptor agonists) by incubating test compounds alone with no other additions to the cell 

1 0 culture. After 5 days of culture, cell viability was assessed as described in Example 2. The 
results, shown graphically in Figure 3, demonstrate that the assay system in the "agonist 
mode" readily identified the sample spiked with the known LHRH agonist (sample 4, with 
D-His 6 -LHRH), whereas the assay system in the "antagonist mode" readily identified the 
sample spiked with the known LHRH antagonist (sample 6, with antide). Furthermore, the 

1 5 - presence of the pool pf combinatorially-produced peptides did not interfere with the assay, 
indicating that complex mixtures of compounds can be screened using the system of the 
invention. ' 
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EXAMPLE 5: Description of Cell Morphology Changes 



> . ... — > - ■ 
A human p2-?adrenergic receptor-expressing cell line, prepared as described in 
Example 1, was incubated with either 1) 1 nM salbutamol (a known p2-adrenergic receptor 
agonist) or 2) 10 nMjbutoxamine (a known p2-adrenergic receptor antagonist) together with 
salbutamol, in complete growth medium. Several days later, ceils were analyzed by 
25 photomicroscopy to determine the effect of treatment on cell morphology. A representative 
photograph of the results with cells treated with salbutamol alone is shown in Figure 4. 
Salbutamol induced both a change in cell shape (i.e., elongation of the cells) and an 
alignment of the cells with each other. Consequently, the total are of the culture surface 
covered by the cells was greatly reduced by exposing the cells to salbutamol. Cells exposed 
to both salbutamol and butoxamine were indistinguishable from control cells, demonstrating 
antagonism of this effect by the receptor antagonist. Assessment of the agonist or antagonist 
properties of individual compounds or libraries of compounds can be achieved by, for 
example, microscopic observation of the cells, or alternatively, by video digitizing techniques 
to quantify cell shape changes and/or cell alignment changes. Butoxamine alone produced no 
35 detectable change in cell shape or alignment, nor did salbutamol on untransfected CHO cells 
that did not express the recombinant P2-adrenergic receptor. 
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EOUIVAIFNTR 

Those skilled in the art will recognize, or be able to ascertain using no more than 
« experimentation, many equivalents to the specific embodiments o fZZlTn 
descnbed here,, Such equivalents are intended to be encompassed by the follolg clims. 
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CLAIMS 

1 . A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

5 a) contacting a population of indicator cells with a test composition 

containing at least one test compound; 

b) measuring at least one parameter of cellular metabolism of the indicator 

cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
1 0 the G-protein coupled receptor. 

2. The method of claim 1 , wherein the indicator cells are mammalian cells. 

3 . The method of claim 2, wherein a nucleic acid molecule that encodes the 

1 5 receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 



4. The method of claim 3, wherein the'test composition comprises a library of 
test compounds. 
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5. The method of claim 3, wherein the test composition farther comprises at least 
one known receptor agonist or at least one known receptor antagonist. 

6. The method of claim 3, wherein the test composition further comprises at least 
25 one agent that alters the metabolism of at least one second messenger in the indicator cells. 

7. The method of claim 3, wherein the natural ligand for the G-protein coupled 
receptor is unknown. 
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8. A method for identifying an agonist or an antagonist of a G-protein coupled 
receptor, comprising: 

a) contacting a population of indicator cells with a test composition 
containing at least one test compound; 

b) measuring viability or proliferation of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 



The method of claim 8, wherein the indicator cells are mammalian cells 
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10 The method of claim 9, wherein a nucleic acid molecule that encodes the 

5 Go,, , 0^ *** 10 ' Wherei " «" « «*- ~*» -p.es * a 

12. The method of claim 1 1 wherein th* r: i , 

i, * ■ . . , ' wnerein tue U-protein coupled receptor is a 

w '"^ho^releas^hormonerecep^oranM^^erecepL 

G S or o! O-^ " ^ ^ * «*- -p.es - a 

14. The method of claim 1 1 wherein th*> n • , 

segment receptor and a, .east one signa. reduction domain 0 f . sec^d" 

^embrane legmen, receptor «k that the chimeric receptor coup.es to a Gq/1 1 G- 
protein in the indicator cells. 
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^ The method of cjaim .0, wherein the tes, composition comprises a libraxy of 



test compounds. 



fa* « 71,6 meth ° d ° f daim 10 ' Wh6rein ^ t6St com P°^on iWther comprises at 

^ ^ne^ownreceptoragom^ ' 

lenct X \ ^ meth0d ° f C,aim 10 ' WherCin test position further comprises at 
least one known receptor agonist to thereby identify a receptor antagonist. 

30 ^ e method of 10, wherein the test composition further comprises at 

30 least one agent that alters the metabolism of at least one second messenger in 



receptor is unknown. 

35 



° f ^ '°- *■* «» — ' »~ * <■» O-Pro* coupied 



— 8 at ,ei::r ~ on of todica,or c * ^ ■ - — 
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b) determining the morphology of the indicator cells; and 

c) identifying the at least one test compound as an agonist or an antagonist of 
the G-protein coupled receptor. 

2 1 . The method of claim 20, wherein the indicator cells are mammalian cells. 

22. The method of claim 21 , wherein a nucleic acid molecule that encodes the 
receptor has been introduced into the indicator cells such that the receptor is expressed on a 
membrane of the cells. 

23 . The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gq/11 G-protein. 

24. The method of claim 23, wherein the G-protein coupled receptor is a 
1 5 luteinizing hormone releasing hormone receptor or an M 1 muscarinic receptor. 

25. The method of claim 22, wherein the G-protein coupled receptor couples to a 
G s G-protein. 

20 , 26 - The method of claim 25, wherein the G-protein coupled receptor is a 02- 

adrenergic receptor. 

27. The method of claim 22, wherein the G-protein coupled receptor couples to a 
Gj G-protein. 

25 

28. The method of claim 22, wherein the test composition comprises a library of 
test compounds. 

29. The method of claim 22, wherein the test composition further comprises at 
30 least one known receptor agonist or at least one known receptor antagonist. 

30. The method of claim 29, wherein the test composition further comprises at 
least one known receptor agonist to thereby identify a receptor antagonist. 

35 3 1 • The method of claim 22, wherein the test composition further comprises at 

least one agent that alters the metabolism of at least one second messenger in the indicator 
cells. 
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receptor ' * " h " h *" — . »— * * "H"* coupled 

33. A method for preparing a cell that express a recombinant G-protein courted 
receptor on a membrane of the «0 comprising inducing into the ce,l a nX acT 
molecu e that encodes the receptor such tha, the receptor is expressed on a m „Z of the 
-U-*r culture conditions in which stimulation of me receptor bv receptor^" 
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36 The method of claim 33, wherein the cell fa maintained under the culture 

« - 1 re "T^" ° f 11,5 ^ " y «*- — " — ^L. 

expression of the receptor on a membrane of the cell is achieved. 



A stable population of cells expressing a recombtaan, G-prorem « 
recep or ,n a culture medium under culmre conditions in which stimulation of the 



protein coupled 

receptor agonists is inhibited. ~ SUmU,aiion of * e «*P»« by 



25 antagon^ ^ Cd,S ° fdaim 37 ' whe - the cuiture medium contains a receptor 



39. The cells of claim 37, wherein the culture medium lacks 
40. 



receptor agonists. 

The cells of claim 39, wherein serum in the culture medium has been dialyzed. 
hormorreleastgt «ep;r *" ~ ° ~ — 



35 ™«, , , A Chi ° eSe Ha,mter ° Va,> ** a ™»nibinant chimeric O- 

35 ^ coupled receptor, the chimeric rector comprising a, leas, one hgand bM g domain 



WO 96/41169 



PCTAJS96/08895 



1/4 



FIG. 1A 



1800 



1600 - 



1400 - 



1200 - 



«» 1000 - 



800 - 



600 - 




Agonist Alone 



Antagonist 
Alone 



400 1 — ■ ■ ■ 
0.1 1 



to 
o 



1400 



1200 - 



1000 



800 - 



600 - 



400 - 



200 - 



m i l i i ii m i l t i i nn i l I ■ ■ i tun 

10 100 1000 10 4 10 5 

Li g and Concentration (pM) 

FIG. IB 

TTTTTTT] 1 I I HIM) 1 | I i I H ill ) 1 1 1 1 J I I f f 1 — M | 




Agonist + 10 nM 

Antide 

— x-- 

Agonist + IOOnM 
Antide 



- Antide Alone 



Agonisttl nM 
Antide 



\ Agonist Alone 



0.1 



1 10 100 1000 104 105 

Agonist Concentration (pM) 
SUBSTITUTE SHEET (RULE 26) 



WO 96/41169 



PCT/US96/08895 



FIG. 2 A 



2/4 



1400 



1200 - 



1000 



t» 

CO 



800 



600 - 



400 



200 



i I i mil) i i i iiiii; — i i i mm i i mn i | i i ii m ii | — i i i m ii| i i i nu i| i i n r m 




0 y I ' M l ltll 1 i limit i . n.n.l . it I . »....,.! »| »,l . . n| 



-0- 
Pirenzepine at IOuM, 

Corbachol varies 

Piriwzepine 
--X-- 

Pirenzepine at 100 
uM T Carbachoi varies 

Medium 



Carbachoi 



0.1 1 10 100 1000 10* 105 10& 10^ 

Ligand Concentration (nM) 



FIG. 2B 



1200 



1000 



800 » 



a> 
o 



ST- ~ ' 



600 



400 



200 



' ''IIH1| I MlHllj | ii m il j I I I I U l lj I I 1 1 I IIIIIII J 1 I I Iiiii ) i i li mn 

Pirenzepine at 100 
uM, Carbachoi varies 

Pirenzepine at IOuM, 
Carbachoi varies 

\, Pirenzepine at luM, 
* Carbachoi varies 




I tt mnt t it unit I t . t^.jil i t f f |inl i i|itiiil t tiif int > » | ti T i 



Carbachoi 



Pirenzepine 



0.1 1 10 100 1000 10 4 10 5 106 10^ 

Ligand Concentration(nM) 
SUBSTITUTE SHEET (RULE 26) 



WO 96/41169 



PCT/US96/08895 



FIG. 3 



3/4 



o 

o 



1600 



1400 " 



1200 ~ 



1000 



800 



jg 600 

o 
n 

£ 400 



200 




4 5 6 7 
Pool Number 



8 



1 0 



H no Agonist 

E Agonist DHis -LHRH 1 nM 



SUBSTITUTE SHEET (RULE 26) 



WO 96/41169 



PCT/US96/08895 



4/4 



FIG.4A 

NO 
DRUG 




FIG.4B 

SALBUTAMOL 
(AGONIST) 




FIG.4C 

SALBUTAMOL 

: + 
BUTOXAMINE 
(ANTAGONIST) 




SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inter. ..uonal application No. 
PCT/US96/08895 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) : Please See Extra Sheet. 

US CL :535/23.5; 435/7.1. 69.1, 252.3. 240.1, 320.1; 530/300, 350 
According to International Pate nt Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 535/23.5; 435/7.1, 69.1, 252.3. 240.1, 320.1; 530/300, 350 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search 
Please See Extra Sheet. 



terms used) 



C. DOCUM ENTS CONSIDERED TO BE RELEVANT 

Citation of document, with indication, where appropriate, of the relevant passages 



Category* 

x 

Y 



X 
Y 



JULIUS et al. Molecular Characterization of a Functional 
cDNA Encoding the Serotonin 1c Receptor. Science. 29 
July 1988, Vol. 241, pages 558-564, especially pages 559- 
563, see entire document. 

HAWES et al. Inhibition of G Protein-coupled Receptor 
Signaling by Expression of Cytoplasmic Domains of the 
Receptor. Journal of Biological Chemistry. 03 June 1994, 
Vol 269, No. 22, pages 15776-15785, especially pages 
15777-15784, see entire document. 

GUAN, et al. Determination of Structural Domains for G 
Protein Coupling and Ligand Binding in ^-Adrenergic 
Receptor. Molecular Pharmacology. 1995, Vol. 48, pages 
492-498, see entire document. 



[x] Further documents are listed in the continuation of Box C. Q See patent femily annex. 



Relevant to claim No. 

1-11, 13-23, 
25, 27-42 

12, 24, 26 

14, 42 



13, 42 
1-42 



Special categories of cited documents: 



•A" 

"E' 
"L" 

"O" 
-p. 



document defining the general state of the nit which is not considered 
to be of particular relevance 

earlier document published on or after the international filing dale 

document whkh may throw doubts on priority claimCs) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use. exhibition or other 
means 

document published prior to the international filing date but later than 



Y* 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document a taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve on inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the international search 


Date of mailing of the international search report 1 


24 JULY 1996 


'27 SEP 1996 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 


Authorized officer s > / I 
KENNETH A. SORENSEN / 


Facsimile No. (703) 305-3230 


Telephone No. (703) 308-0196 | 



INTERNATIONAL SEARCH REPORT 

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Inte» .ional application No. 
PCT/US96/08895 



Category* 



Mdano^hnri r ^?S ed Rece P tors U «ng a Recombinant * 
Me anophore-Based Bioassay. Analytical Biochemistry. 1992 
Vol. 206, pages 315-322, especially pages 316-321. 

WEESNER et al. Rapid Communication: Nucleotide Sequence of 
Lutemmng Hormone-Releasing Hormone (LHRH) ReceZ- 

1^4, Vol. 72, No. 7, page 191 1 , see entire document. 

et al. Creation and functional c™««; c 

JXTSTX* Hbrary ' Pr0C ' NatI - Acad - Sch UsT Ma? Ch 
1994, Vol. 91, pages 1614-1618, especially pages 1615- 16^7 

LIGGETT et al Structural basis for receptor subtype-specific 
regulation revealed bv a chim<»riV /? in "yvv* *pecinc 

Natl Acad ^c a a S^^ 10 ^r. Proc. 
iNdu. Acad. bci. USA. April 1993, Vol 90 nap™ i&ta 

especially pages 3664-3668. ' P g 3665 " 3669 ' 

lisa^L 7 ^ 018 investi 8 atin S fun <*onal interactions between 
igands and G-protem- coupled receptors. TINS. 1994 Vol 

17, No. 4, pages 142-146, see entire document 



Relevant to claim No. 



Form PCT/ISA/210 (continuation of second sheetXJuly 19 92)* 




INTERNATIONAL SEARCH REPORT 



Inte. ional application No. 
PCT/US96/08895 



A. CLASSIFICATION OF SUBJECT MATTER: 
IPC (6): 

GOIN 33/53; C12P 21/06; C12N 5/00, 1/20. 15/00; C07K 1/00; A61K 38/00; 

B. FIELDS SEARCHED 

Electronic data bases consulted (Name of data base and where practicable terms used): 

APS, MEDLINE, EMBASE BIOSIS. SCISEARCH, CONFSCI, DISSABS, CAPLUS, JICST-EPLUS WPIDS 
PATOSEP 

search terms: G-protein coupled receptor, GPCR, dopamine receptor, glumatmate receptor, adrengergic receptor, 
bioassay, agonist, antagonist, screening, etc. 



Form PCT/1SA/2I0 (extra sheet)(July 1992)i 



